The adsorption of paracetamol (PAR) and acetylsalicylic acid (ASA) onto high-surface-area, commercial activated carbons was investigated at 26ºC via adsorption isotherms at different pH values, including pH 1.5 to simulate conditions existing in the stomach. A wide-ranging characterization of the carbons, including analysis of their morphology and surface chemistry, was undertaken, with the actual surface areas of the carbons available for PAR and ASA adsorption being estimated by taking the molecular sizes of the drugs into account. This provided an understanding of the differences in the drug adsorption behaviour of the carbons.
INTRODUCTION
Activated carbons are well-known adsorbents in several fields and are widely used clinically to treat accidental or deliberate drug overdoses. As such, they are administered in the form of a slurry to prevent drug absorption by the gastrointestinal tract as well as to enhance the elimination of drugs already absorbed. Given that the carbon adsorption capacity is related to the time elapsed between drug ingestion and carbon administration, this treatment is recommended within 0.5-1.0 h from the ingestion of a toxic amount of a drug. The carbon adsorption capacity also depends on the pharmacological characteristics of drugs, which in turn depend on the form of drug dosage as well as on the volume and pH value of the gastrointestinal tract and the presence of food (Gaudreault 2005) . While activated carbon can be administered in single or multiple doses, multiple-dose treatment is recommended when the amount of drug ingested is life-threatening and its absorption into the gastrointestinal tract is slow. A single oral dose is used for an overdose of salicylate, paracetamol, anti-arrhythmic drugs, anticonvulsants and cyclic antidepressants; multiple oral doses are recommended for overdoses of phenobarbital, carbamazepine, dapsone, quinine and theophylline (Gaudreault 2005; Jones 2006; Jepsen and Ryana 2005; Riordan et al. 2002a,b; Christophersen et al. 2002) . Activated carbons can obviate the need for invasive intracorporeal treatments such as gastric lavage, bowel irrigation, forced diuresis and haemodialysis, and do not cause side-effects other than vomiting or diarrhoea (Bradberry and Vale 1995) . The importance of carbon treatment is also well attested by in vitro studies described in the literature (Rybolt et al. 1986; Hoegberg et al. 2002; Terzyk et al. 2003; Melillo et al. 2004; Otero et al. 2004; Atta-Politou et al. 2001) .
Drug adsorption depends on the characteristics of the carbon (including its surface area, pore-size distribution and surface chemistry), of the drug (including its molecular size and pK a value) and of the solution (including its temperature, pH and adsorptive concentration) (Radovic et al. 2001) . Since a suitable carbon texture is required to contain the drug, carbons must display a high surface area generated by pores whose width is greater than that of the drug molecule. Carbons can exhibit basic or acidic surfaces and, hence, different surface charges in solutions of different pH value; this, in turn, can affect both the dispersive and electrostatic interactions between the drug and the carbon. Electrostatic interactions occur between the charged groups associated with the carbon surface and the dissociated form of the adsorptive, while dispersive interactions occur between delocalized π-electrons in the carbon basal planes and the aromatic rings of the adsorptive molecules. The π-π dispersion interactions are enhanced in basic carbons possessing a high electronic density in the graphitic layers (Moreno-Castilla 2004) . Different processes can be employed to modify the surface chemistry of carbons, including heat or chemical treatments. Heat treatments in inert or reductive atmospheres provide more basic carbons through the elimination or decomposition of acid oxygen surface groups (Villacañ as et al. 2006) .
We have investigated two pristine commercial activated carbons of high surface area and their heat-treated counterparts for the adsorption of paracetamol (PAR) and acetylsalicylic acid (ASA), which are substituted aromatic molecules of comparable size. The aim of our work was to highlight the importance of carbon properties in understanding drug adsorption via a broad-based characterization of the carbons, including their morphology and surface chemistry (Boehm titrations, FT-IR-ATR, TGA, pH pzc , double-layer capacitance) analyses. The carbon surface areas available to PAR and ASA were also estimated on the basis of porosimetry analysis by taking the molecular sizes of the drugs into account. Drug adsorption onto the carbons was investigated at 26ºC employing different pH values, including pH = 1.5 to simulate conditions in the stomach, and the adsorption equilibrium data were analyzed via the Langmuir isotherm.
EXPERIMENTAL

Sample preparation
Pristine activated carbons from Sigma-Aldrich (SA) and from Bologna-based Polichimica (P) and their heat-treated counterparts SA-T and P-T were used as adsorbents of paracetamol (Sigma-Aldrich, purity > 99%) and acetylsalicylic acid (Sigma-Aldrich, purity > 99%) present at different initial concentrations in aqueous solution. Heat treatment was performed in a Carbolite tubular furnace under an Ar gas flux (250 cm 3 /min) at a heating rate of 10ºC/min up to 1050ºC and thereafter for 2 h at this temperature.
Methods
The molecular sizes of PAR and ASA were estimated by molecular modelling with Chem3D Ultra 10.0 software employing the molecular mechanical MM2 method (Leach 2001) . Carbon porosimetry analysis was performed through the measurement of nitrogen adsorption isotherms at -196 o C using an ASAP 2020 system (Micromeritics). Carbon samples (ca. 0.1 g in weight) were evacuated for 2 h at 120ºC before testing. The distributions of volume and surface area in the micropore, mesopore and macropore ranges were estimated from the N 2 adsorption isotherms by DFT theory assuming a cylindrical geometry for the pores.
Boehm's method was used to evaluate the total number of acidic and basic groups of the carbons (Boehm 1994) . Basic groups were determined by mixing the carbon sample (ca. 0.5 g) in 25 mᐉ of 0.05 M HCl solution, degassing with Ar to release dissolved CO 2 and stirring for 24 h at room temperature. A 10 mᐉ aliquot of the centrifuged acidic solution was titrated with 0.05 M NaOH. Acidic groups were estimated using a similar procedure, the difference being that the same amount of carbon was mixed with 25 mᐉ of 0.05 M NaOH solution. Thus, 10 mᐉ of 0.05 M HCl was added to a 5 mᐉ aliquot of the basic solution and the excess estimated by titration with 0.05 M NaOH. The measurements were performed employing a 794 Basic Titrino (Metrohm) apparatus and were replicated at least three times. All the solutions were maintained under Ar flux during titration.
The pH corresponding to the point of zero charge (pH pzc ), i.e. the pH value at which the total charge on the carbon surface is zero, was evaluated by the pH-drift method (Newcombe et al. 1993) . For this purpose, several 50 mᐉ batches were prepared using a 0.01 M NaCl solution degassed with argon, their initial pH values being adjusted with HCl and/or NaOH to be within the 2-12 range (pH in ). Then 0.15 g of carbon was added to each solution and the latter stirred for 48 h at room temperature. The final pH values (pH fin ) were then measured and plotted against the pH in values to obtain the point at which the resulting curve crossed the pH in = pH fin line; this is the pH pzc value.
Thermogravimetric analyses were performed using a Mettler Toledo TGA/SDTA A851 instrument under N 2 flux from room temperature to 1050ºC at a rate of 10ºC/min. Infrared spectra in attenuated total reflectance (FT-IR-ATR) mode were recorded using a Perkin-Elmer Spectrum One spectrometer (40 scans) at a resolution of 4 cm -1 .
The electrical double layer capacitance of the carbon was evaluated by cyclic voltammetry employing a hydrophobic ionic liquid as the electrolyte, viz. 1-ethyl-3-methylimidazolium(bis)trifluoromethane sulphonimide (Solvent Innovation, 99%); hereafter this electrolyte is referred to as EMITFSI. The electrodes were prepared by mixing 95% SA or SA-T and 5% binder (polytetrafluoroethylene), the mix being laminated onto a carbon-coated aluminium grid and dried at 80ºC for 12 h under vacuum. After preparation, the electrodes were assembled in a T-type electrochemical cell fitted with a glass separator using a silver disk as the reference electrode. Cell assembly and sealing was performed in an Ar atmosphere in an MBraun Labmaster 130 dry box (H 2 O, O 2 < 1 ppm) and the cells tested at 60ºC at 0.02 V/sec from -1 V to +1 V versus Ag. The voltammetric measurements were carried out employing a Perkin-Elmer VMP multi-channel potentiostat.
Aqueous solutions of the two drugs studied were employed to construct their corresponding isotherms onto carbon. For such purpose, aqueous solutions of the drugs in the concentration range 1.0-5.0 × 10 -2 M for PAR and 3.0-15.0 × 10 -3 M for ASA were prepared. Since the pK a values for PAR and ASA are 9.38 and 3.49, respectively, the corresponding pH values of the prepared solutions were ca. 6.0 for PAR solutions and ca. 2.5 for ASA solutions. Subsequently, the pHs of the two solutions were maintained at a constant value of 2.5 by the addition of HCl solution.
Adsorption isotherms employing drug solutions at a pH value of 1.5 (obtained by the addition of HCl) were also performed for both drugs. Thus, carbon samples of 500 mg weight were mixed with 50.0 mᐉ of each drug solution and the resulting suspensions placed in a HAAKE F2 thermostat (Enco) at 26ºC for 2 h without stirring for better simulation of in vivo conditions. An aliquot of each equilibrated solution was centrifuged and its pH value measured to check that it was constant for all the points on each isotherm. The drug concentration in the equilibrium solution was obtained via UV-vis measurements using a Perkin-Elmer Lambda 19 spectrophotometer. The amounts of carbonadsorbed drug were evaluated by comparing the drug concentrations in the initial and equilibrium solutions. Calibration curves for PAR and ASA were plotted over the concentration range from 2.5 × 10 -5 to 1.0 × 10 -4 M at maximum absorbance, i.e. at 243 nm for PAR and at 230 nm for ASA.
All the linear regression curves showed correlation coefficients (r) greater than 0.999; the molar absorbance coefficient of PAR was 9.83 × 10 3 ᐉ/(mol cm) regardless of pH while that of ASA was 8.21 × 10 3 ᐉ/(mol cm) over the 1.5-2.3 pH range. Figure 1 shows the molecular structures of PAR and ASA as optimized by the MM2 method. The two-dimensional projection areas onto the xy plane are 0.368 nm 2 for PAR and 0.472 nm 2 for ASA. The estimated maximum dimensions of the molecules on the xy axis are 0.92 nm for PAR and 1.0 nm for ASA. Figure 2 shows the nitrogen adsorption isotherms at -196 o C of S-A, SA-T, P and P-T, respectively, and their corresponding pore-size distributions by incremental volumes as calculated by applying the DFT model. All the isotherms follow the typical form for an adsorbent containing a micropore (< 2 nm) and mesopore (2-50 nm) structure. The total pore volume as calculated by single-point adsorption (V TOT ), the micro-and meso-pore volumes (V micro , V meso ) and the surface areas (S micro , S meso , S TOT ) are listed in Table 1. The table also lists the carbon surface area generated by pores wider than 1.0 nm, S > 1.0 , which can be taken as the actual surface area available for drug adsorption on the basis of the maximum drug dimensions estimated on the xy axis. The pristine carbons displayed high values of S TOT , with these values being retained by the heat-treated forms. However, if the region of the surface area generated by pores wider than 1.0 nm, S > 1.0 , is considered, this decreased by 44% for SA-T and by 11% for P-T.
RESULTS AND DISCUSSION
Drug size and carbon porosity
Carbon surface chemistry
The surface chemistries of the pristine and heat-treated carbons were studied by Boehm titration methods. The corresponding results are listed in Table 2 .
It should be noted that the surface chemistries of the two pristine carbons were very different. Carbon SA was predominantly acidic whereas carbon P was not. Heat treatment of both carbons led to decomposition/elimination of the oxygen acidic functional groups and an increase in the number of basic groups due to re-arrangement of oxygen groups into basic forms such as γ-pyrone structures and/or into forms with a wider aromatic conjugation (Boehm 1994).
As noted above, the pH pzc value is a key factor in the electrostatic interactions between carbons and drugs. It is related to the amphoteric nature of carbons, which yield a negatively charged surface in solutions where pH > pH pzc , a neutral surface for pH = pH pzc and a positively charged surface for pH < pH pzc (Radovic et al. 2001) . The corresponding drift plots for estimating the pH pzc values of carbons SA and P are depicted in Figure 3 Figure 3(b) . The pH pzc values of SA and P were 2.2 and 8.3, respectively, confirming the acidic nature of the former and the basic nature of the latter. The pH pzc values of SA-T and P-T were 5.4 and 8.9, respectively. The increase in the pH pzc values of the heat-treated carbons is in agreement with the increase in the amount of basic groups of SA-T and P-T as per Boehm's analysis. TGA analyses were also performed employing heat conditions comparable to those for the preparation of the P-T and SA-T carbons. Figure 4 shows the TGA curves and their differentials (DTG): carbon SA showed a larger weight loss than carbon P -18.7% against 4.2% -as expected from the greater number of surface groups associated with carbon SA. The DTG curve of carbon SA exhibited peaks at 246ºC, 568ºC and 763ºC, in addition to that at 76ºC that was related to the desorption of water and CO 2 . These temperatures correspond to the decomposition of surface groups such as carboxylic acid and/or lactones at the lowest temperature and carbonyls and quinones at the highest temperature (Figueiredo et al. 1999) . The peaks at 360ºC, 445ºC and 836ºC in the DTG curve of carbon P are related to the decomposition of carboxylic acid, lactones, carbonyls and quinones, respectively, while that at 46ºC is related to the surface-adsorbed gas.
Percentage weight losses (normalized to the total loss) were obtained by applying an integral function to the DTG curves and are listed in Table 3 for different temperature ranges. The table also lists the surface groups that decomposed at the different temperatures and the decomposition products. The main weight loss for SA carbon was within the temperature range 315-685ºC, thereby confirming the existence of significant amounts of carboxylic acid, anhydride and lactone groups on its surface. Similarly, the main weight loss for carbon P occurred at the highest temperatures, thereby suggesting the prevalence of ethers, carbonyl and quinone groups on the surface of this carbon. TGA analyses of the heat-treated carbons (not shown) indicated the existence of a lower number of acidic groups -0.6% weight loss for P-T and 3% for SA-T. FT-IR-ATR analyses were performed on all the carbons and the corresponding spectra are depicted in Figure 5 . Comparison of the spectra of the pristine and heat-treated carbons supports the peak assignment and clearly demonstrates the effect of thermal treatment on the surface chemistry of the carbon. On the basis of literature data, the peak in the spectrum of SA at 1685 cm -1 was assigned to C=O double-bond stretching in carboxylic acids, that at 1580 cm -1 to double-bonded oxygen conjugated with the carbon basal plane and that at 1235 cm -1 to the C-O single bond in ethers or lactones. The sizes of all the peaks decreased in the SA-T spectrum because of the decomposition of the oxygen functional groups under heat treatment (Dandekar et al. 1998; de la Puente et al. 1997) . The band at 2088 cm -1 was assigned to C≡C and C=C=O stretches whilst that at 1875 cm -1 , which can be assigned to C=O stretching in lactones, showed a slight increase in the SA-T spectrum. The behaviour of the latter band is probably related to re-arrangements of the aromatic carboxylic acids in lactones during heat treatment. However, it is harder to assign the bands at 2338 cm -1 and 2674 cm -1 : the former is likely to be associated with a C-O bond while the latter could be produced by hydroxy groups. The weak peaks in the spectra of P and P-T confirm their poor surface chemistry. However, it was possible to assign the peak at 1570 cm -1 to C=C aromatics conjugated with oxygen whose quantities decrease in P-T. The band in the 900-1200 cm -1 spectral range, indicated by R in Figure 5 (b) and also present in the spectrum of P-T, may be related to C-O stretching in ethers, epoxides and esters. It was not possible to provide a definite assignment for the broad band at 1900 cm -1 : although it showed a decrease in the P-T spectrum, it is reasonably to assume that it is related to the small amount of oxygen groups of this carbon (de la Puente et al. 1997; Mul et al. 1998) .
Further confirmation of the surface chemistry of the pristine SA and of the specific effect of the heat treatment -which removed the carboxylic groups and made the SA-T carbon less hydrophilic 728 Sabina Beninati et al./Adsorption Science & Technology Vol. 26 No. 9 than the pristine carbon -was obtained by comparing the double-layer capacitance response of the two carbons. This parameter provides an indication of the affinity of the electrolyte to the carbon surface and was evaluated from the capacitance response of SA and SA-T carbons in hydrophobic EMITFSI as estimated by cyclic voltammetry (Conway 1999) . The capacitance (C) per mass of carbon may be related directly to the current intensity (i) during voltammetric tests by the relationship given in equation (1):
where s is the potential scan rate (0.02 V/s) and m act is the active mass of the electrode (95% of the composite electrodes). The voltammetric curves of SA and SA-T carbon electrodes are illustrated in Figure 6 . It will be noted that, unlike SA-T which displayed a capacitance of 75 F/g, SA exhibited virtually no capacitive behaviour as shown by the negligible current response. This result also shows that the elimination/decomposition of surface functional groups during heat treatment increased the hydrophobic nature of SA-T, thereby improving its affinity to planar molecules in an anhydrous environment. 
Drug adsorption isotherms
The numbers of mmol of drug absorbed (n D , where D = PAR or ASA) per gram of carbon (g C ) were evaluated as reported above in the Experimental section and plotted against the equilibrium concentrations of the drugs concerned, [D] eq. The equilibrium data thus obtained were analyzed employing Langmuir's isotherm which may be written as:
where the Langmuir constants a and b are related to the maximum adsorptive capacity of the adsorbent and to the adsorption equilibrium constant, respectively (Florence and Attwood 1981) .
These parameters may be evaluated from the slope (1/a) and intercept (1/ab) of the linear form of the Langmuir isotherm equation as expressed in equation (3):
[D] eq /(n D /g C ) = 1/ab + [D] eq /a (3) Figure 7 shows the isotherms for PAR adsorption at the equilibrium pH (pH eq ) of ca. 6 and a pH of 1.5 onto P, at a pH eq of 2.7 and a pH of 1.5 onto SA, and at a pH eq of ca. 6 onto P-T and at a pH eq of 3.4 onto SA-T. It should be noted that the pH eq values with SA and SA-T carbons were lower than that of the initial PAR solutions in pure water (pH in ~ 6) because of the acidic nature of these carbons. At all the pH eq values for the isotherm adsorption curves, PAR (pK a = 9.38) was in the molecular form so that its interactions with the carbon surface should only be dispersive in nature. 3.0 × 10 -2 2.5 × 10 -2 2.0 × 10 -2 1.5 × 10 -2 1.0 × 10 -2 5.0 × 10 -3 2.5 × 10 -2 1.5 × 10 -2 2.0 × 10 -2 1.0 × 10 -2 5.0 × 10 -3 Figure 7 . Langmuir adsorption isotherms of PAR onto various carbons studied: (a) SA at pH eq = 2.7 (᭹) and at pH eq = 1.5 (᭺); P at pH eq = 1.5 (ᮀ) and at pH eq ( 5.9 (); (b) SA-T at pH eq = 3.4 (∆) and P-T at pH eq = 5.9 (᭡).
The Langmuir parameters a and b for PAR adsorption onto the different carbons at different pH eq values are reported in Table 4 together with the values of the correlation coefficient (r) which indicates the goodness-of-fit of the theoretical curves to the experimental data points. The maximum adsorptive capacity (mg PAR/g C ) is also listed together with the specific surface area occupied by each PAR molecule per gram of carbon (S PAR ) as calculated by taking account of the area of the PAR molecule (A PAR ) and the number of PAR molecules adsorbed onto the carbon surface under saturation conditions (Na) as expressed in equation (4):
where N is Avogadro's number (6.02 × 10 23 mol -1 ) and A PAR = 0.368 × 10 -18 m 2 . The S PAR /S > 1.0 ratio given in Table 4 represents the efficiency with which the carbon surface area available to the drug is employed. It should be noted that the values of b on carbon P were almost double those on carbon SA; this parameter provides a better comparison for the adsorption of PAR onto carbon P under low equilibrium concentration conditions. For example, at [PAR] eq = 2 × 10 -3 M which corresponds to 0.3 g PAR/ᐉ, the number of moles of PAR adsorbed per g carbon P were 1.5 × 10 -3 (i.e. 226 mg PAR /g C ), whereas those per g carbon SA were 0.8 × 10 -3 (i.e. 120 mg PAR /g C ). The greater value for the adsorption equilibrium constant on carbon P relative to that on carbon SA shows that PAR, which was in the neutral form, interacted better with the basic carbon P (pH pzc = 8.3) than with the hydrophilic, acid carbon SA (pH pzc = 2.2). The treated carbons displayed b values which were almost double those of the pristine carbon, thereby indicating a higher equilibrium constant. This is not surprising since heat treatment leads to the formation of a more basic carbon that enhances dispersive interactions. The increase in the value of b for adsorption onto SA-T (pH pzc = 5.4), which was less hydrophilic and acid than SA, demonstrates that the carboxylic groups on SA were the main reason for its poorer interaction with PAR. The values of a were very similar for carbon P at both pH values and for carbon SA at pH 1.5corresponding to 350 mg PAR /g C -despite the higher S > 1.0 value of SA. The efficiency of the available surface area towards adsorption (S PAR /S > 1.0 ) was therefore higher for P than for SA (80% versus 50%). This was due to the different surface chemistries of the two carbons, with the large number of oxygenated groups on the SA surface being capable of forming three-dimensional clusters of water molecules that partially prevented drug entry into the pores (Mestre et al. 2007 ). Conversely, the values of a for the treated carbons were lower than those for the pristine carbon, with a greater decrease for carbon P-T relative to carbon SA-T (113 mg PAR /g C relative to 91 mg PAR /g C ). Given that heat treatment decreases the magnitude of S > 1.0 , which was higher for carbon SA-T than for carbon P-T (see data listed in Table 1 ), the decrease in the value of a for SA-T was lower than can be justified purely on the basis of a decrease in the surface area. Evidently, the change in the chemistry of the SA-T surface made it more suitable for drug adsorption, as highlighted by the increase in the adsorption efficiency of the available surface. The adsorption isotherms for ASA onto carbons S-A and P at different pH values are shown in Figure 8 . The Langmuir parameters a and b and the adsorptive capacity expressed as mg ASA /g C are listed in Table 5 , which also shows the specific surface area occupied by ASA molecules per gram of carbon (S ASA ) under saturation conditions as obtained via equation (5), where A ASA = 0.472 × 10 -18 m 2 : 8 . Langmuir adsorption isotherms of ASA onto SA at pH eq = 2.3 (ᮀ) and at pH eq = 1.5 (᭺) and onto P at pH eq = 2.6 () and at pH eq = 1.5 (᭹). and the values of the use efficiency of the available surface area, S ASA /S > 1.0 . Whilst ASA (pK a = 3.49) is mainly in the neutral form at pH eq = 1.5 and its interactions with the carbon surface may only be of the π-π type, it is partially dissociated at pH eq = 2.3-2.6 and electrostatic interactions may also be established with its anionic form. Note that the b parameter was higher for the P carbon relative to the SA carbon. Thus, at pH eq = 1.5, dispersive π-π interactions are promoted between ASA molecules in the neutral form and the carbon surface; this effect is even greater for the basic carbon P. The increase in the value of b for carbon P at pH eq = 2.6 is due to additive electrostatic interaction between the positively charged surface of this carbon and the anionic form of ASA. The particularly low value of b for carbon SA at pH eq = 2.3 is because this carbon was either neutral or possessed a slight negative charge at this pH value which is virtually equal to the pH pzc ; as a consequence, additive electrostatic interactions with the anionic form of ASA could not be established. However, the magnitude of the a parameter was similar for both carbons at all pH conditions and corresponded to ca. 240 mg ASA /g C . Even for the adsorption of ASA, carbon P exhibited a better adsorption efficiency (S ASA /S > 1.0 ) than carbon SA. The basic surface of carbon P was more suitable for drug adsorption since the concentration of oxygenated groups on its surface, which can hinder drug pore entry due to water-cluster formation, was low. ASA adsorption onto the treated carbons was not tested since, as demonstrated for PAR, heat treatment led to a decrease in the available surface area and, hence, in the maximum adsorptive capacities of the two carbons.
CONCLUSIONS
Data for the available carbon surface related to the size of the drug molecules and to the carbon surface chemistry make it possible to understand the differences in the adsorption performance of P and SA carbons towards PAR and ASA drugs. The maximum adsorptive capacity towards each drug was similar on P and SA carbons, despite the higher available surface area (S > 1.0 ) of the latter. This arose from their different surface chemistries, the hydrophilic groups on SA reducing the adsorptive efficiency of the available surface area (S ASA /S > 1.0 ) of this carbon relative to that for carbon P. The presence of hydrophilic groups even affects the adsorption equilibrium constants, which were lower on carbon SA relative to carbon P. As a consequence, both drugs exhibited higher adsorption on carbon P at low drug equilibrium concentrations. The results of PAR adsorption onto the heat-treated carbon SA-T also confirmed that the hydrophilic groups on carbon SA are the principal cause of its poorer interaction with PAR. Similar detailed studies should be extended to other drugs and activated carbons as a means of improving the treatment for a given drug overdose using a tailor-made carbon. This approach should also be useful in the application of carbons for water purification.
